The development of procedures enabling agility and effectiveness to the analyses of seed vigor are great advances for the seed research field. The aim of this paper was to evaluate the efficiency of the Seedling Analysis System (SAPL ® ) to seedling phenotyping and determining the physiological potential of soybean seeds, in comparison with the information provided by traditional vigor tests recommended for this species. The characterizing of physiological potential of the seed lots was carried out based on germination tests, first germination count, seedling emergence, cold test, and electrical conductivity. The results of these tests were compared with the data obtained using image analysis with the software SAPL ® , which was used to evaluate the development seven-day old seedlings. It was obtained the length of shoot, primary root and entire seedling, growth rates, uniformity, vigor index and corrected vigor index, based on different variations of the growth/uniformity ratio, namely 80:20, 70:30, 60:40, in the vigor index calculation. Analysis of images of the seven-day old seedlings using SAPL ® enables phenotyping of soybean seedlings and is a consistent and promising alternative for identifying differences in vigor between soybean seed lots, equivalent to that found with traditional vigor tests.
Introduction
The soybean [Glycine max (L.) Merrill] is one of the most important agricultural commodities in Brazil, mainly due to the volume produced and exported (Bornhofen et al., 2015) . Thus, the demand for seeds exceeds 1 million tons per year (FAO, 2014) .
Seed quality has direct implication on the establishment of the crop in the field and can have consequences for production. Thus, the use of seeds with high physiological quality is essential to ensuring proper performance of the plants, contributing to the final crop yield and the product quality (Marcos Filho, 2015) .
Conventionally, evaluating the physiological quality of soybean seeds involves manual methods, such as counting germinated seed, visual tissue analysis in the tetrazolium test and measurement of the length of seedling structures. Although efficient, these methods are laborious, subjective, and prone to human error, and are often unsuitable for large-scale testing.
In recent years, research in seed technology has prioritized high-throughput seedling phenotyping to evaluate seed vigor in order to minimize these limitations in the analyses. Robust semi-automated phenotyping systems capable of generating reliable data have been shown to be efficient for evaluating squash (Silva et al., 2017) , onion (Gonçalves et al., 2017) , carrot (Marchi & Cicero, 2017) , crambe (Leão-Araújo et al., 2017) , corn (Castan et al., 2018; , soybean seedlings Wendt et al., 2017; Yagushi et al., 2014) , among others.
Among the options available for this purpose is the Seedling Analysis System (SAPL ® ). SAPL ® is digital seedling imaging software that analyzes and measures the individual length of shoot, root and total seedling in a fully automated way . With these phenotypic parameters, the software generates uniformity, growth and vigor indexes for each evaluated seed lot. Images can be acquired from cameras or smartphones, and needs a simple, practical and low-cost image acquisition structure.
The quality indexes generated by SAPL ® are based on the formulas described by Sako et al. (2001) . The growth index (generated from the hypocotyl and root length sample means) and the uniformity index (based on the standard deviation of the seedling length and that of its parts, as well as on the relation between them) are used to calculate the vigor index, based on a previously established proportion between them. The most consistent results in other software were obtained using the proportions of 70:30 (growth:uniformity) for sweet corn (Gomes Junior et al., 2009) , 60:40 to 80:20 for cucumber (Chiquito et al., 2012) , 30:70 to 70:30 for beans (Gomes Junior et al., 2014) .
Previous studies have used SAPL ® to analyze soybean seedlings four and six days after the test start , however, there are no studies that prove the efficiency of any software for reading soybean seedlings after six-day old. Evaluation of seven-day old soybean seedlings may be valid in studies desiring information on the growth of seedlings in more advanced stages. Moreover, there are no papers with SAPL ® evaluating different types of proportion of uniformity and growth contributions for the vigor index.
In this context, this work aimed to evaluate the efficiency of the Seedling Analysis System (SAPL ® ) in phenotyping of seven-day old soybean seedling and in determining the physiological quality of soybean seed lots, in comparison with the information provided by the traditional vigor tests recommended for this species.
Material and Methods
The research was conducted with four soybean seed lots from the region of Unaí, State of Minas Gerais, characterized by the laboratory tests described below.
Degree of moisture: determined by the oven method at 105±3 °C for 24 hours, using two replicates of 50 g of seeds for each lot (Brasil, 2009) , with results was expressed as percentage.
Germination test: conducted with four replicates of 50 seeds per lot, on rolls of paper towels moistened with water equivalent to 2.5 times the dry paper mass and kept in a germinator at a constant temperature of 25 °C. The final count was done on the eighth day after sowing (Brasil, 2009) and the results were expressed as the mean percentage of normal seedlings.
First germination count: conducted in conjunction with the germination test. Consisted in counting the percentage of normal seedlings on the fifth day after sowing (Brasil, 2009 ).
Seedling emergence: carried out with four replicates of 50 seeds in polystyrene trays of multiple cells, one seed per cell being filled with washed sand, irrigated daily and kept in a greenhouse. Final evaluation of the emergence was performed 14 days after sowing, when the total emergence of the seedlings occurred, expressing the result in percentage of emerged seedlings.
Cold test: conducted with four replicates of 50 seeds, on paper towels moistened with an amount of distilled water equivalent to 2.5 times the weight of the paper. After seeding, the rolls were placed inside plastic bags, sealed and kept in a B.O.D type chamber at 10 °C for five days. After this period, they were removed from the plastic bags and transferred to a germinator at 25 °C, where they remained for four days when the number of normal seedlings was determined (Brasil, 2009) .
Electrical conductivity test: four replicates of 50 seeds per lot weighing 0.001g were placed in plastic cups containing 75 ml of distilled water in germination chambers at 25 °C for 24 hours. After this period, the electrical conductivity of the solution was determined with the conductivity meter model TEC-4MP and the mean values were calculated and expressed in μS cm -1 g -1 of seed.
Image analysis in the Seedling Analysis System (SAPL ® ): initially the seeds were placed to germinate, following the methodology proposed by Nakagawa et al. (1999) , aiming to grow seedlings. Four replicates of 20 seeds per lot were used. The seeds were distributed along a line drawn on the upper third of the paper towel, longitudinally. The rolls were packed in plastic bags, placed vertically in the germinator for a period of seven days at 25 °C. On the seventh day the seedlings were transferred from the paper towel to a blue staining (40 × 60 cm) sheet containing nine 5 cm wide cells, divided by white bands (Figure 1 ). The upper corner of the first cell on the right was assigned to a scale, and the rest of the cells were occupied individually by each seedling. Figure 3C ) and e others. n relation to ane of the firs a color gradie maximum inc mance for the v nted lower per se to the vector data ( Figure 6 ng, demonstrati wise, the poss n evaluating so m other researc y in the method dade de híbrid doi.org/10.159 dura e desemp //doi.org/10.15 ara análise de soja (Glycine m Vol. 11, No. 16;  of the seeds rmination coun the physiolo t two axes is g ent, indicating crease through variables evalu rformance for t rs of the tradit ), high correl ing the consist sibility of inclu ybean seed qu ch with the use dology. , DF:
